Geological characteristics and tectonic significance of unconformities in Mesoproterozoic successions in the northern margin of the North China Block  by Qu, Yongqiang et al.
Geoscience Frontiers 5 (2014) 127e138Contents lists available at SciVerse ScienceDirect
China University of Geosciences (Beijing)
Geoscience Frontiers
journal homepage: www.elsevier .com/locate/gsfResearch paperGeological characteristics and tectonic signiﬁcance of unconformities
in Mesoproterozoic successions in the northern margin of the North
China Block
Yongqiang Qu a,*, Jianguo Pan a, Shouxian Ma b, Zhiping Lei c, Lin Li b, Guoli Wu b
aResearch Institute of Petroleum Exploration & Development-Northwest (NWGI), PetroChina, 535 Yanerwan Rd., Lanzhou 730020, Gansu, China
b Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China
cNo. 205 Geology Team of Chongqing Bureau of Geology and Minerals Exploration, Chongqing 402160, Chinaa r t i c l e i n f o
Article history:
Received 21 April 2011
Received in revised form
19 February 2013
Accepted 3 April 2013
Available online 23 April 2013
Keywords:
Northern margin of the North China Block
Mesoproterozoic
Unconformities
Continental margin
Supercontinent* Corresponding author.
E-mail address: qyq214@163.com (Y. Qu).
Peer-review under responsibility of China University
Production and hosting by El
1674-9871/$ e see front matter  2013, China Univer
http://dx.doi.org/10.1016/j.gsf.2013.04.002a b s t r a c t
Several stratigraphic breaks and unconformities exist in the Mesoproterozoic successions in the northern
margin of the North China Block. Geologic characters and spatial distributions of ﬁve of these un-
conformities, which have resulted from different geological processes, have been studied. The uncon-
formity beneath the Dahongyu Formation is interpreted as a breakup unconformity, representing the
time of transition from continental rift to passive continental margin. The unconformities beneath the
Gaoyuzhuang and the Yangzhuang formations are considered to be the consequence of regional eustatic
ﬂuctuations, leading to the exposure of highlands in passive margins during low sea-level stands and
transgressive deposition on coastal regions during high sea-level stands. The unconformity atop the
Tieling Formation might be caused by uplift due to contractional deformation in a back-arc setting,
whereas the uplift after the deposition of the Xiamaling Formation might be attributed to a continental
collision event. It is assumed that the occurrences of these unconformities in the Mesoproterozoic
successions in the northern margin of the North China Block had a close bearing on the assemblage and
breakup of the Columbia and Rodinia supercontinents.
 2013, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
The North China Block became a part of the Columbia Supercon-
tinent (Rogers and Santosh, 2002, 2003; Zhao et al., 2003; Li et al.,
2010, 2012; Santosh, 2011; Zhai and Santosh, 2011) after the Luliang
orogeny. Since the late Paleoproterozoic, many rift basins have
developed in both the southern and northern margins of the North
China Block (Lu et al., 2002; Peng et al., 2008) in an extensional tec-
tonic setting and it is in such a setting that the Mesoproterozoic
Changcheng and Jixian systems developed in the northernmargin of
the North China Block (Chen, 1983; Wang and Qiao, 1987; He et al.,of Geosciences (Beijing)
sevier
sity of Geosciences (Beijing) and P1994; Wen, 1997). The Yanliao Rift Trough (Hong, 1997; Liu et al.,
1997; Wen, 1997; Zhang and Zhu, 2000; Huang et al., 2001; Meng
and Ge, 2002, 2004; Qiao, 2002, Qiao and Gao, 2007) developed in
the YanshaneLiaoxi areas. The Changcheng and Jixian systems are a
set of thick clastic and carbonate rockswith a thickness up to 9000m
(Chen et al., 1980; He et al., 2000a, 2000b). Fig. 1 shows the distri-
bution of the remnants of the Meso-Neoproterozoic strata in the
northern margin of the North China Block. The remnants of Meso-
Neoproterozoic strata of Jixian in the Hebei are very thick, but it
thins and pinches at Huanghua, Qinhuangdao in the east, Datong,
Yangquan in the west, and Shijiazhuang in the south. In addition,
there are lots of remnants ofMeso-Neoproterozoic strata in the Inner
Mongolia (Fig. 1), which were thought to represent the deposition in
anotherMesoproterozoic rift, the Baiyunebo-Zhaertai Rift Belt (Hong,
1997; Meng and Ge, 2002, 2004).
The Changcheng System, a set of shallow marine clastic and
carbonate assemblages, consists of the Changzhougou, the
Chuanlinggou, the Tuanshanzi and the Dahongyu formations in
ascending order (Fig. 2), and is widely distributed and is more than
2600m thick (Chen et al., 1980). The Jixian System, with a thicknesseking University. Production and hosting by Elsevier B.V. All rights reserved.
Figure 1. Distribution of remnants of Meso-Neoproterozoic strata in the northern North China Block.
Y. Qu et al. / Geoscience Frontiers 5 (2014) 127e138128of about 6000 m (Chen et al., 1980), consists of the Gaoyuzhuang,
the Yangzhuang, the Wumishan, the Hongshuizhuang and the
Tieling formations from bottom to top (Fig. 2), dominated by car-
bonates in the lower section and shale, argillaceous dolomite and
sandstone assemblage in the upper. The Qingbaikou SystemFigure 2. Diagram showing Meso-Neoproterozoic sequences, positions of unconformities, a
① Li et al., 1996; ②③⑤Wang et al., 1980; ④Meng and Ge, 2004; ⑥ Gao et al., 2007, 2008a, 20
2010; Lu and Li, 1991; Gao et al., 2008a, 2008b; Li et al., 1995; Wan et al., 2003.consists of the Longshan and the Jingeryu formations from bottom
to top, mainly composed of sandstone, shale and minor carbonate,
less than 400 m thick (Chen et al., 1980). It is noteworthy that the
Xiamaling Formation belongs to the Mesoproterozoic according to
the age of the interlayered volcanics. The SHRIMP U-Pb ages ofnd interpretations of tectonic settings in the northern margin of the North China Block.
08b; ⑦ Su et al., 2008; ⑧⑨ Li et al., 2009; ⑩Wang et al., 1995; Zhong, 1977; Li et al.,
Y. Qu et al. / Geoscience Frontiers 5 (2014) 127e138 129zircon are 1368  12 Ma (Gao et al., 2007), 1366  9 Ma (Gao et al.,
2008a, b), (1380  36)e(1379  12) Ma (Su et al., 2008). According
to the new age data of the Xiamaling Formation, Qiao et al. (2007)
suggested that the Meso-Neoproterozoic strata in the northern
margin of the North China Block are better redeﬁned, placing the
Xiamaling Formation at the lower part of a newly established
Xishan System. Fig. 2 shows Meso-Neoproterozoic sequences, iso-
topic ages, positions of unconformities, and interpretations of tec-
tonic settings in the northern margin of the North China Block.
Many studies have been conducted to understand the un-
conformities in Mesoproterozoic sequences, but the previous in-
terpretations are controversial. Chang and Gao (1976) identiﬁed a
conglomerate layer in the middle part of the Mesoproterozoic
section of Mopanshan area, west of the Xiaogaizhou Village,
Xingcheng. They believed that a tectonic movement named the
Xingcheng movement must have occurred before the deposition of
the Dahongyu Formation. Chang et al. (1984) further elaborated the
signiﬁcance of the Xingcheng movement based on ﬁeld in-
vestigations of the Huludao section in Jinxi. Liu (1982) agreed with
Chang et al. on their view that the Xingcheng movement was a
regional tectonic event. Zhang (1986) held that the Xingcheng
movement not only resulted in the uplifting of the Earth’s crust but
also in the folding of many of its regions. Chen et al. (1980), how-
ever, argued that the unconformity beneath the Dahongyu For-
mation was the consequence of marine transgression due to the
expansion of the sedimentary basin, and thus does not represent
conventional tectonism. Liu and Sun (1994) also did not support the
tectonic implication of the Xingcheng movement. The Qinglong
uplift is regarded as a tectonic movement prior to the deposition of
the Gaoyuzhuang Formation, which led to the formation of a
regional disconformity (Chen et al., 1980; Zhu et al., 2005) between
the Gaoyuzhuang and the Dahongyu formations and other older
units in Taihang-Wutai area (Hong, 1984). Huang (2006) held that
the Qinglong lift was the manifestation of differential vertical
movements of the basin basement. Two conglomerate layers
developed at the bottom of the Yangzhuang Formation of Taoyuan
and Luanxian in the eastern Hebei. Chen et al. (1980) thought that
these conglomerates represented a depositional break, deﬁned as
the Luanxian uplift. Hong (1984) attributed the limestone breccia
beneath the Yangzhuang Formation in western Liaoning to tectonic
uplifting, and deﬁned this movement as the Yangzhuang uplift
corresponding to the Luanxian uplift. Huang (2006) attributed the
Luanxian uplift to the disequilibrium subsidence of the basin dur-
ing that time. The Qinyu uplift, named by Qiao (1976), is considered
to be the result of crustal uplift, leading to regional parallel un-
conformities and angular unconformities in some areas. Wang
(1999) also suggested that the Qinyu uplift was a strong tectonic
event. Yuxian movement occurred between the Xiamaling and the
Longshan formations, widely accepted as a strong and protracted
process of crustal doming (Du and Li, 1980). Consequently, there
remain different opinions regarding the causes of these ﬁve un-
conformities in the Mesoproterozoic successions in the northern
margin of the North China Block. This paper tries to show the
geological characteristics and spatial variations of these ﬁve un-
conformities on the basis of detailed investigations of 33 sedi-
mentary sections. The origin of these unconformities is discussed
from the perspective of regional tectonic evolution of the whole
North China Block.
2. Unconformities
Fig. 2 shows the positions of key unconformities in the northern
margin of the North China Block and their corresponding tectonic
movement settings. The unconformities we investigated are
beneath the Dahongyu Formation, the Gaoyuzhuang Formation,the Yangzhuang Formation, the Xiamaling Formation, and the
Longshan Formation. The geological characteristics of these un-
conformities are discussed below.2.1. Unconformity beneath the Dahongyu Formation
Observations of 33 sections (15 measured sections) in the
northern margin of the North China Block indicate that the
Dahongyu Formation rests over different stratigraphic units (Fig. 3).
At the Xiangcaogou section, the Dahongyu sandstone uncon-
formably overlaps Archean gneiss (Fig. 3A). In the Miaoyan Village,
Huaian, Hebei Province, the sandy dolomite of the Dahongyu For-
mation unconformably overlaps Archean gneiss (Fig. 3B). In the
area of the Kaiping to Qianan, the Dahongyu Formation lies un-
conformably over the metamorphic rock series of the Qianan
Group. In the area about 8.5 km northeast of Xingcheng, the me-
dium grained sandstone of the Dahongyu Formation unconform-
ably overlies the Changzhougoumudstone and siltstone (Fig. 3C). In
the Qinglongshan area of the Kaiping, the Dahongyu Formation lies
unconformably on the purple-red conglomerate of the Changz-
hougou Formation. In the areas of Xiaogaizhou, Yueliangshan,
Hanjiagou, the Dahongyu Formation directly overlaps the
Changzhougou or the Chuanlinggou Formation. In Baitaigou area of
Yixian, however, the green silicalite of the Dahongyu Formation has
a conformable contact with the underlying pebbly marl of the
Tuanshanzi Formation (Fig. 3D). In Yaojiagou area of Dayingzi, the
relationship between the Dahongyu sandstone and the Tuanshanzi
dolomite is conformable (Fig. 3E). In Jixian area, the thick bedded
sandstone of the Dahongyu Formation and the silty dolomite of the
Tuanshanzi Formation are marked by a transitional contact
(Fig. 3F).
Fig. 3 reveals the spatial distribution of different types of contact
between the Dahongyu Formation and the underlying stratigraphic
units. In general, the Dahongyu and the Tuanshanzi formations have
a conformable relationship in the areas of Zhangjiakou, Xinbaoan,
Xinglong, Qianxi, Kuancheng, Pingquan, while their contact in the
east and southmargins of the basin is a transgressive unconformity.
The spatial distribution of different types of contacts between the
Dahongyu and the underlying units indicates that the Dahongyu
Formation unconformably overlaps the older strata southward.
Therefore, the unconformity beneath the Dahongyu Formation
should not have resulted from a strong tectonic movement.2.2. Contact beneath the Gaoyuzhuang Formation
The contact between the Gaoyuzhuang Formation and the un-
derlying units is either continuous or disconformable according to
our observations of 34 sections (16 measured sections) in the
northern margin of the North China Block. The Gaoyuzhuang For-
mation is also observed over the different units at some locations
(Fig. 4). The Gaoyuzhuang Formation conformably rests on the
underlying Dahongyu Formation in the Zhangjiakou, the western
hill of Beijing, northeastern Hebei, and West Liaoning. In the
Xiangcaogou area, for example, sandy dolomite and banded chert-
bearing dolomite of the Dahongyu Formation is conformable with
the thick-bedded dolomite of the Gaoyuzhuang Formation (Fig. 4A).
In the Guozhangzi area in Pingquan, the Dahongyu dolomite and
siliceous shale and marly siltstone of the Gaoyuzhuang Formation
show a conformable contact (Fig. 4B). In the Liaozhuangzi and
Songjiayu, Qianxi County, the Gaoyuzhuang feldspathic-quartz
sandstone conformably overlaps the banded chert-bearing dolo-
mite of the Dahongyu Formation (Fig. 4C). Near Yamenzi, Kuan-
cheng County, the Gaoyuzhuang dolomite also unconformably
overlaps the Dahongyu dolomitic sandstone.
Figure 3. Spatial distribution of different types of contact between the Dahongyu Formation and the underlying stratigraphic units. A e Xiangcaogou, Yangyuan: dolomite
intercalated with shale and quartz sandstone of the Dahongyu Formation, Archean gneiss; B eMiaoyan, Huaian: sandy dolomite intercalated with shale of the Dahongyu Formation,
Archean gneiss; C e Xingcheng: pink medium-ﬁne grained sandstone and siltstone of the Dahongyu Formation, mudstone of the Changzhougou Formation; D e Baitaigou, Yixian:
silicalite of the Dahongyu Formation, pebbly marl of the Tuanshanzi Formation; E e Yaojiagou, Dayingzi: quartz sandstone of the Dahongyu Formation, dolomite of the Tuanshanzi
Formation; F e Jixian: thick bedded quartz sandstone of the Dahongyu Formation, silt-bearing dolomite of the Tuanshanzi Formation.
Figure 4. Spatial distribution of different types of contacts beneath the Gaoyuzhuang Formation. A e Xiangcaogou, Yangyuan: thick bedded dolomite of the Gaoyuzhuang For-
mation, sandy and banded chert-bearing dolomite of the Dahongyu Formation; B e Guozhangzi, Pingquan: siliceous shale and marly siltstone of the Gaoyuzhuang Formation,
sandstone of the Dahongyu Formation; C e Liaozhuangzi and Songjiayu, Qianxi: feldspathic-quartz sandstone of the Gaoyuzhuang Formation, banded chert-bearing dolomite of the
Dahongyu Formation; D e Sanjianfang, Jixian: coarse grained sandstone in the lower part of the Gaoyuzhuang Formation; E e Hanjiazhuang, Jianchang: conglomerate in the bottom
of the Gaoyuzhuang Formation; F e Shilei Village, Lingqiu: dolomite of the Gaoyuzhuang Formation, Archean gneiss.
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Y. Qu et al. / Geoscience Frontiers 5 (2014) 127e138 131The Dahongyu Formation had experienced erosion due to expo-
sure is indicated by the unconformities beneath the Gaoyuzhuang
Formation in the Sanjianfang area of Jixian, where the basal coarse-
grained sandstone of the Gaoyuzhuang Formation lies unconform-
ably on the Dahongyu dolomite (Fig. 4D) and in the Jixian, Xinglong
and Pinggu areas by the truncated stromatolitic dolomites appearing
atop the Dahongyu Formation. Additional evidences include: in areas
near Jixianwhite siliceous crust upto1mthickoccurson the topof the
Dahongyu stromatolitic dolomite (Zhu et al., 2005) implying long-
term leaching and weathering; in the regions where littoral pebbly
sandstone with a thickness of 2e3 m overlaps the Dahongyu Forma-
tion, suggesting that the Dahongyu Formation must have been
exposed before the deposition of the pebbly sandstone; in the Han-
jiazhuang area of Jianchangwhere the conglomerate in the lower part
of the Gaoyuzhuang Formation unconformably overlaps the Dahon-
gyu thick-bedded limestone (Fig. 4E); in the Chicheng area of West
Hebei where there exists a clear disconformity between the Gaoyuz-
huang and the Dahongyu formations, as evidenced by the occurrence
of a hematite layer (Zhu et al., 2005) in between, which is interpreted
as the result of exposure of the Dahongyu Formation to the surface
before the deposition of the Gaoyuzhuang Formation.
Actually, there occurred a large-scale marine transgression
during the Gaoyuzhuang stage, reaching the hinterland of the
Wutai Mountains in the west and the west Bohai Bay in the east
(Huang, 2006). The Gaoyuzhuang Formation overlaps the sur-
rounding basements, and pebbly sandstone or glutenite occurs at
the bottom of the Gaoyuzhuang Formation in many places. The
Gaoyuzhuang dolomite obviously overlaps the Archean gneiss in
the measured section in the Shilei Village, Lingqiu (Fig. 4F). It is
believed that the Qinglong uplift, implied by the unconformity
beneath the Gaoyuzhuang Formation, does not represent a regionalFigure 5. Spatial distribution of different types of contact between the Yangzhuang Formatio
Zunhua: cyclothemic deposition of the Yangzhuang Formation (interbedding of banded ch
lenticular ferruginous dolomite and nodular chert-bearing dolomite of the Yangzhuang Form
thick bedded dolomite, banded chert-bearing dolomite and purple-red silty muddy dolom
Sanjianfang, Jixian: limy breccia of the Yangzhuang Formation, cinereous thick bedded do
bottom of the Yangzhuang Formation; F e Taoyuan, Luanxian: conglomerate and banded ctectonic uplift, which is better interpreted as the result of marine
transgression over the basin margins. That is to say, the surfaces
beneath the Dahongyu and the Gaoyuzhuang formations were in
essence a single diachronous or time-transgressive unconformity in
the margin of the basin.
2.3. Contact beneath the Yangzhuang Formation
The contact between the Yangzhuang Formation and the un-
derlying units is observed in 27 sections (17 measured sections) in
the northern margin of the North China Block (Fig. 5). The Yangz-
huang Formation, conformable with the Gaoyuzhuang Formation,
consists of the purple-red silty and muddy dolomite in areas like
Xinglong, Qianxi, Kuancheng. For example, the Yangzhuang For-
mation in the Songjiayu of Qianxi and the Shuangquansi of Zunhua,
is composed of the interbedded chert-bearing dolomite and purple-
red silty andmuddy dolomite, and shows a transitional contactwith
the underlying Gaoyuzhuang Formation (Fig. 5A). In the area of the
Dashuiquan of Yixian, the Yangzhuang Formation rests conformably
on the Gaoyuzhuang dolomite (Fig. 5B). In the area of the Xiang-
caogou of Yangyuan, continuous deposition occurred between the
Yangzhuang chert-bearing dolomite and the Gaoyuzhuang thick-
bedded dolomite (Fig. 5C). However, the parallel unconformity
was observed between the Yangzhuang and the Gaoyuzhuang for-
mations in the Jixian, Qinglong and Lingyuan. For instance, a depo-
sitional break exists between the Yangzhuang carbonate breccia and
the Gaoyuzhuang thick-bedded dolomite in the area of the San-
jianfangof Jixian (Fig. 5D).Mudstone is commonat thebottomof the
Yangzhuang Formation in both the western and the northern
Liaoning (Hong, 1984). Regional eustatic ﬂuctuations are thought to
be the reason for the depositional break, with the Yangzhuangn and the underlying stratigraphic units. A e Songjiayu of Qianxi and Shuangquansi of
ert-bearing dolomite and purple-red silty muddy dolomite); B e Dashuiquan, Yixian:
ation, off white dolomite of the Gaoyuzhuang Formation; C e Xiangcaogou, Yangyuan:
ite of the Yangzhuang Formation, beneath which is the Gaoyuzhuang Formation; D e
lomite of the Gaoyuzhuang Formation; E e Taoyuan, Luanxian: conglomerate in the
hert-bearing dolomite in the bottom of the Yangzhuang Formation.
Y. Qu et al. / Geoscience Frontiers 5 (2014) 127e138132Formation appearing conformable with the Gaoyuzhuang Forma-
tion and deposited in a lagoonal sedimentary environment.
It is reported in literature (Geological Map and Manual of PRC,
1959e1970; Du et al., 1979; Du and Li, 1980; Wu, 1991) that the
Yangzhuang Formation is absent in the northwest Hebei and Shanxi
provinces. However, our ﬁeld observations demonstrate that the
Gaoyuzhuang, the Yangzhuang and the Wumishan formations are
stratigraphically continuous, and that there are no breaks in the
successions from the Yangzhuang to the Wumishan formations.
The Yangzhuang Formation in the Jixian section is characterized by
purple-red sandy and muddy dolomite intercalated with siltstone
in the lower and upper parts, displaying cyclic deposition of white
and purple-red muddy dolomite, banded dolomite, and stromato-
litic dolomite. Lagoonal facies of the Yangzhuang Formation is
purple and white in color, whereas its shelf facies mainly appears
gray. Therefore, the Yangzhuang Formation was often regarded as
representing a hiatus.
The conglomerate at the bottom of the Yangzhuang Formation
in the Taoyuan of Luanxian (Fig. 5E and F) was regarded as the most
key evidence supporting the Luanxian uplift (Chen et al., 1980).
However, our ﬁeld investigations show that there exists no erosion
surface between different lithofacies, including the 2e3-m-thick
conglomerate, with gravels being well rounded and dominated by
gneiss and volcanic rocks, and its overlying and underlying dolo-
mites. Imbricate gravels were measure to reconstruct paleocurrent
directions, which indicate that the clasts came from the southeast
of this area (Fig. 5). Thus, it is believed that the conglomerate at the
bottom of the Yangzhuang Formation in the Taoyuan of Luanxian
only represents marginal deposits of the basin and the south-
eastern Luanxian might serve as the provenance.Figure 6. Spatial distribution of different types of contact between the Xiamaling Formation
ginous nodule-bearing chert breccia, hematite and limonite bed of the Xiamaling Formation;
bed of the Xiamaling Formation; underlying dolomite (algae-bearing) of the Tieling Forma
limestoneof theTieling Formation;DeDapengzhangzi, Kuancheng: quartz sandstone, ferrugin
the Tieling Formation; E e Shuangdongzi, Pingquan: yellow green shale, ferruginous quartzi
Tieling Formation; FeYangzhuang, Laiyuan: chert breccia, glutenite and sandstone of the LonIn addition, the uppermost part of the Yangzhuang Formation is
often regarded as a weathered crust, on which the Wumishan
Formation was unconformably deposited. Mei et al. (1998)
considered that the Wumishan, the Hongshuizhuang and the
Tieling formations constitute a sedimentary cycle resulting from
ﬁrst-order eustatic ﬂuctuation. Li (1998) agreed on the existence of
a weathered layer between the Yangzhuang and the Wumishan
formations, but he still regarded the Yangzhuang and the
Wumishan Formation as one sequence, ignoring the sedimentary
break between them. We hold that the Yangzhuang and the
Wumishan formations are deposited continuously in most areas
although depositional breaks did occur in some areas. Considering
that the Yangzhuang and the Wumishan formations developed in
carbonate tidal and shallow-marine carbonate platformal envi-
ronments, short-term exposure should be commonplace due to
relative sea-level changes, which had nothing to do with tectonics.
2.4. Contact beneath the Xiamaling Formation
Weathered lateritic beds are common on the top of the Tieling
Formation along the northern margin of North China, indicative of
the uplift known as the Qinyumovement (Qiao, 1976), which might
have taken place in the northern margin of North China before the
deposition of the Xiamaling Formation. Based on ﬁeld observations
of 31 sections (17 measured sections), it is demonstrated that there
did occur a regional weathered surface between the Tieling and the
Xiamaling formations in the northern margin of North China.
Two third-order sequences are identiﬁed in the Tieling Forma-
tion (Mei et al., 1998), as evidenced by development of a weathered
lateritic surface beneath and in the Tieling Formation. We delineateand the underlying stratigraphic units. A e Tingshang, Xinbaoan: conglomerate, ferru-
underlying dolomite of the Tieling Formation; Be Taizimu, Yanchi: bauxite and limonite
tion; C e Tielingzi, Jixian: sandy shale of the Xiamaling Formation and the underlying
ous sandstoneand ferruginous shale of theXiamaling Formation;underlyingdolomiteof
te and ferruginous shale of the Xiamaling Formation; underlying sandy dolomite of the
gshan Formation; underlying dolomite of the Wumishan Formation.
Y. Qu et al. / Geoscience Frontiers 5 (2014) 127e138 133the distribution of the weathered surface (Fig. 6) on the basis of
analysis of measured sections and comparison with other sections.
The distribution extends from the Dahenan, Xuanhua in the west,
to the Xinglong, Jixian in the east, and to the Huailai, Miyun in the
north. In the area of the Tingshang, Xinbaoan, the medium to thick-
bedded gray Tieling dolomite rests in contact with the overlying
Xiamaling conglomerate and ferruginous nodule-bearing chert
breccia (Fig. 6A). Hematite and limonite beds developed locally. The
contact between the two formations is a parallel unconformity. In
the area of the Taizimu, Yanchi, there exists a parallel unconformity
between the Tieling thick-bedded algae-bearing dolomite and the
Xiamaling bauxite and limonite bed (Fig. 6B). In the Tielingzi
Village, Jixian, a weathered layer develops between the Xiamaling
sandy shale and the Tieling limestone (Fig. 6C). A bauxite clay,
limonite and hematite bed with a thickness of several centimeters
appears between the Tieling and the Xiamaling formations, clearly
ﬁlling the concavo-convex relief surface of the Tieling limestone in
the areas of Qinyu, Xiamaling, Taizimu, and Qingbaikou, Yongding
River valley, the West Mountain of Beijing. The paleocrust over the
Tieling Formation in the areas of Qinyu and Taizimu extends to
Qingbaikou, with thickness ranging from <10 cm to 1 m. In the
Dashihe Valley southwest of Beijing, the paleocrust of tens of
centimeters in thickness, lying on top of the Tieling Formation,
consists of laterite, limonite and some breccia (Qiao, 1976). In the
areas of Changping, Miyun and Fangshan also a thick paleocrust
develops on top of the Tieling Formation, indicating a long-term
exposure and intense erosion and lateritization.
In the northwest Hebei and the west Liaoning, however, there
does not exist weathered crust between the Tieling and the
Xiamaling formations (Fig. 6C), which is actually a parallel uncon-
formity. Also of note is that theXiamaling and the Tieling formations
appear continuous in some areas, such as Dapengzhangzi inFigure 7. Spatial distribution of different types of contact between the Longshan Format
conglomerate and quartz sandstone of the Longshan Formation; shale of the Xiamaling Fo
Formation; varicolored shale of the Xiamaling Formation; C e Fujunshan, Jixian: sandstone o
Kuancheng: gritstone of the Longshan Formation, shale of the Xiamaling Formation; E e sout
Tieling Formation; F e Diaoyutai of Taoyuan, Luanxian: chert breccia of the Longshan FormKuancheng, and no unconformity is observed between the Tieling
dolomite and the Xiamaling ferruginous sandy shale and carbona-
ceous shale (Fig. 6D). In the Shuangdongzi of Pingquan, the Tieling
sandydolomite is also conformablewith theXiamaling yellowgreen
shale (Fig. 6E).
Only the Changcheng System and the Wumishan Formation are
often widely distributed, while the Xiamaling Formation is limited
to remnants, and the Tieling Formation only occurs in the central
part of the Yanshan Belt (Fig. 6). Furthermore, the boundary of the
remnant Xiamaling Formation does not lie in the line of Yix-
ianeZhuolu to the west, XushuieWanxian to the south, Xuan-
huaePingquan to the north, and QiananeJinzhoueChaoyang to the
east. The Longshan Formation in the eastern and the western ends
of the Yanshan directly overlaps the Wumishan Formation or the
older units. In the Yangzhuang of Laiyuan, the chert breccia, glu-
tenite, sandstone and feldspathic-quartz sandstone of the Longshan
Formation were deposited directly on the Wumishan dolomite
(Fig. 6F). In the southeast Jixian and southeast margin of the Yan-
shan Belt, such as Tangshan, Qianan, Luanxian, Funing, Lulong and
Linyu, the Tieling Formation is not found, and the chert breccia at
the bottom of the Longshan Formation is angularly unconformable
on the Wumishan dolomite or the metamorphic rocks.
2.5. Top surface of the Xiamaling Formation
The contact between the Xiamaling and the overlying the
Longshan formations is also a regional unconformity, created as a
consequence of the Yuxian uplift (Du and Li,1980). Field observation
and analysis of 29 sections (19 measured sections) reveal that the
unconformity indeed exists, evidenced by a transition from the
Xiamaling deep-water facies to the Longshan shallow-water facies
(Fig. 7). The Xiamaling Formation consists mainly of black shale,ion and the underlying stratigraphic units. A e Zhaojiakou, Xuanhua: chert breccia,
rmation; B e Xiamaling Village, Yanchi: conglomerate and sandstone of the Longshan
f the Longshan Formation, black shale of the Xiamaling Formation; D e Dapengzhangzi,
h of Yuxian County: chert breccia and shale of the Longshan Formation, dolomite of the
ation, chert dolomite and sandy dolomite of the Wumishan Formation.
Y. Qu et al. / Geoscience Frontiers 5 (2014) 127e138134whereas the LongshanFormation is composedof glauconite-bearing
sandstone, conglomerate and siltstone. The obvious differences in
lithofacies of these two formations indicate that the Xiamaling
Formation has experienced uplift and denudation after its deposi-
tion. Based on the spatial distribution of the parallel unconformity
between the Xiamaling and the Longshan formations, the boundary
of it does not get the line of the YixianeZhuolu to the west, Xush-
uieWanxian to the south, XuanhuaePingquan to the north, Qia-
naneJinzhou to the east. In the Zhaojiakou of Xuanhua, the
Xiamaling shale is separated from the Longshan chert glutenite and
sandstone by a parallel unconformity (Fig. 7A). In Xiamaling of
Yanchi, the contact between theXiamaling varicolored shale and the
Longshan conglomerate is a parallel unconformity (Fig. 7B). In the
Fujunshan of Jixian, the Longshan conglomerate unconformably
overlaps the Xiamaling black shale (Fig. 7C). In Dapengzhangzi of
Kuancheng, the Xiamaling ferruginous and carbonaceous shale is
separated from the Longshan sandstone and conglomerate by a
parallel unconformity (Fig. 7D).
The Longshan Formation is characterized by sandstone and
conglomerate, which reﬂects coastal sedimentary system of basin
margin, indicating a transgressive depositional process. The Long-
shan conglomerate overlaps the Tieling Formation in the northwest
Yixian and Yuxian, with the absence of the Xiamaling Formation
between them. For example, in southern Yuxian County, the
Longshan chert breccia overlaps the Tieling dolomite (Fig. 7E). The
Longshan Formation was transgressively deposited over the un-
derlying units from the West Mountain of Beijing to the south. In
southeast Jixian and the southeast margin of Yanshan, such as
Tangshan, Qianan, Luanxian, Funign, Lulong and Linyu, the chert
breccia at the bottom of the Longshan Formation rests uncon-
formably on the Wumishan Formation or older gneiss and granite.
For example, in the Diaoyutai of Taoyuan, Luanxian, the Longshan
chert breccia overlaps the Wumishan chert or sandy dolomite
(Fig. 7F). Therefore, the area from Tangshan to the Kaiping, Qianan,
Shimenzai, Xingcheng is a sedimentary area for the Longshan
Formation in the east Yanshan.3. Origins of the unconformities
The northern margin of the North China Block had a compli-
cated tectonic history from the Paleozoic to Mesozoic (Wang, 1996;
Zhang et al., 2009). Its evolution was affected by the Paleo-Asian
Ocean Paleozoic tectonics in the north (Li, 2006), and strong
Mesozoic intracontinental deformations (Davis et al., 2001, 2009;
Cui et al., 2002; Liu et al., 2005, 2008; Li, 2006). The Yanshan
movement caused the crustal shortening and uplift of the northern
margin of the North China Block, leading to pronounced denuda-
tion of the Paleozoic and Neo-Mesoproterozoic strata (Nie, 1985;
Zhang, 2004; Qu et al., 2006; Dong et al., 2007). Neo-
Mesoproterozoic strata are only preserved in the Yanshan Belt or
in the synclinal zone of large-scale folds in the western Liaoning,
which together was often deﬁned as Yanliao fault-depression belt
in the literature, assuming that the present distribution area of
Neo-Mesoproterozoic strata represents the depositional area of the
original basin (Tang, 1992; He et al., 2000a, 2000b, He and Niu,
2004; Huang, 2006). We hold that the exposed metamorphic
basement or the absence of Neo-Mesoproterozoic units between
the Yanliao fault-depression belt and the Baiyunebo-Zhaertai Rift
Belt in the north is the result of uplift and denudation in a later
period (Wang,1985; Zhang and Zhu, 2000; Huang et al., 2001; Qiao,
2002). The exhumation of Paleozoic and Mesozoic granites in the
northern margin of the North China Block further indicates that the
cover rocks with a thickness of at least thousands of meters had
been eroded away.Based on the analysis of characteristics and spatial distribution
of the unconformities in the Mesoproterozoic successions in the
northernmargin of the North China Block, the lithofacies study, and
the synthesis of previous researches, we assume that the northern
margin of the North China Block experienced four stages of tecto-
nism during the Mesoproterozoic viz., continental rift basin, pas-
sive continental margin, active continental margin and continental
block collision. The Qingbaikou System (starting from the Longshan
Formation) was the result of Neoproterozoic continental extension
(Fig. 8).
3.1. Stage 1: continental rift
The North China Block was cratonized to be a part of the
Columbia Supercontinent after the Luliang orogeny (Fig. 8A). The
North China Block began extending since 1800 Ma (Wang et al.,
1989; Tan et al., 1991; Zhang et al., 1994; Cao, 2002; Shao et al.,
2002; Peng et al., 2004; Hou et al., 2005; Li et al., 2005, 2010,
2012; Zhao et al., 2005; Li and Zhao, 2007; Zhang et al., 2007a,
2007b), generating rift basins in the northern margin of the block
(Fig. 8B). The Changcheng Systemwas considered to be the deposits
of the rift basins (Fig. 8B). The development of the continental rifts
was related to the initial breakup of the Columbia Supercontinent.
With the continuous rifting and the creation of oceanic crust, the
North China Block gradually evolved into a passive continental
margin (Fig. 8B and C). Due to continuous subsidence of the passive
continental margin accompanied by the sea-level rise, seawater
began to invade the North China Block, leading to the deposition of
the quartz arenite of the Dahongyu Formation that overlaps the
underlying units toward the interior of the North China Block. The
unconformity beneath the Dahongyu Formation is in practice a
breakup unconformity in nature, and its formation was coeval with
the initiation of oceanic crust development to the north.
3.2. Stage 2: passive continental margin
Owing to the further spreading of oceanic crust, the northern
margin of the North China Block developed into a passive conti-
nental margin (Fig. 8D) that was characterized by shallow-marine
deposition of both carbonate and ﬁne-grained clastic rocks, like
the Gaoyuzhuang, the Yangzhuang, the Wumishan, the Hon-
gshuizhuang and the Tieling formations. Eustatic change can either
cause depositional breaks on highlands and shoal areas within the
passive continental margin basins or form transgressive sedimen-
tation on the basin margins, thus producing unconformities of
different types in sedimentary successions. The unconformities
beneath the Gaoyuzhuang and the Yangzhuang formations are
considered to be the result of eustatic variations.
3.3. Stage 3: active continental margin
The northern margin of the North China Block might evolve into
an active continental margin after the deposition of the Tieling
Formation (Fig. 8E and F). Thewidely distributed unconformities on
the top of the Tieling Formation have been interpreted as the
consequence of the back-arc uplift (the Qingyu uplift) related to
low-angle subduction of oceanic crust (Fig. 8E), thus giving rise to
the uplift and the erosion of the upper Tieling Formation. The
occurrence of diabase dikes in the Xiamaling Formation indicates
that the northern margin of the North China Block was obviously in
an extensional setting (Hou et al., 2005). Bentonites in the
Xiamaling Formation were regarded as the product of back-arc
crustal extension (Qiao et al., 2007). This back-arc basin model is
worth consideration and study, though there are no related data in
favor of the idea of a trench-arc-basin system developing in the
Figure 8. Sketch map showing Meso-Neoproterozoic tectonic evolution of the northern margin of North China Block.
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framework of the active-margin trench-arc system, it is assumed in
this study that high-angle subduction of the oceanic crust might
have occurred during the deposition of the Xiamaling Formation
(Fig. 8F), thus leading to crustal extension in back-arc areas and
producing deep-marine ﬁne-grained clastic facies rich in organic
matter (Zhang et al., 2007a, 2007b).
3.4. Stage 4: continental collision
The uplift after the deposition of the Xiamaling Formationmight
be related to the collision of the North China Block and adjacent
regions (Gao and Liu, 1999; Cui et al., 2000; Liu et al., 2000; Chen
et al., 2002) (Fig. 8G). The unconformities between the Longshan
Formation and the underlying units indicate that crustal
compressional deformation did happen before the deposition of
the Longshan Formation, given that it was the period from 1200 to
1000 Ma that the Rodinia Supercontinent formed, or the Grenville
orogeny happened. In addition, granite intrusions from 1100 to
900 Ma in the northern margin of the North China Block also
support the idea of continental collision during this period (Nie
et al., 1992; Zhang et al., 2006). We can refer to the southern and
eastern margin of the North China Block and the South China Block
for support for this important geological event. There are lots of
evidence in the South China Block which suggest that the collision
event between 1.3 and 1.0 Ga corresponds to the formation of
Rodinia Supercontinent (Li et al., 1994, 2001a, 2001b, 2002; Lu
et al., 2004), and the paleotectonism of the Jinning stage in the
southern margin of the North China Block (1.1e0.8 Ga) corresponds
to the formation of the Rodinia Supercontinent (Zhou et al., 2002).
Also, the recognition of someMesoproterozoic (1.0e1.3 Ga) igneous
zircons indicates the existence of Grenvillian-aged magmatism in
the eastern block of the North China Block (Yang et al., 2004; Luo
et al., 2006). And there are sedimentary records of the Neo-
proterozoic in the eastern block, the Yushulazi Group (1.0e0.9 Ga)
and the Yongning Group (0.9e0.8 Ga) (Luo et al., 2006), corre-
sponding to the Neoproterozoic sediment (1.0e0.8 Ga) in the
northern margin of the North China Block. Therefore, the late
Mesoproterozoic uplift of the northern margin of the North China
Block was related to the collision among different blocks (Li et al.,
2001a, 2001b), probably corresponding to the formation of the
Rodinia Supercontinent.
3.5. Stage 5: crustal rifting
Since 900 Ma, the North China Block began subsiding again,
resulting in transgressive deposition of the Neoproterozoic Long-
shan Formation and forming tidal and shallow-marine carbonate
sedimentation of the Jingeryu Formation (Tang and Gao, 1999;
Kuang et al., 2004; Zhou et al., 2006). The Longshan and the Jin-
geryu formations should be distributed more widely than their
present remnants, representing a relatively stable tectonic-
sedimentary setting. It is proposed that the extension and subsi-
dence of Neoproterozoic crust in the northern margin of the North
China Block had a bearing on the breakup of the Rodinia Super-
continent (Fig. 8H). The Longshan Formation was the earliest
deposition after the breakup of Rodinia Supercontinent, and the
quartz arenite and glauconitic sandstone recorded the early-stage
transgressive deposition.
4. Conclusion
There exist several sedimentary breaks and unconformities in
Mesoproterozoic successions in the northern margin of the North
China Block, which were related to different geological processes.The unconformity beneath the Dahongyu Formationwas attributed
to the transition from continental rift to passive continental margin.
The unconformities beneath the Gaoyuzhuang and the Yangzhuang
formations resulted from eustatic ﬂuctuations, leading to the
exposure of highlands in the passive margin during sea-level fall
and the transgressive deposition on coastal regions during sea-
level rise. The unconformity atop the Tieling Formation might be
due to low-angle subduction of the oceanic crust, leading to
contractional deformation in a back-arc setting. The uplift after
deposition of the Xiamaling Formation might have been caused by
the continental collision between the North China Block and the
adjacent terrane. It is assumed that the ages of the studied un-
conformities had a close bearing on the regional tectonic process of
the northern North China Block during the Mesoproterozoic. The
breakup of the Columbia Supercontinent caused continental rifting
in the northern margin of the North China Block. With the creation
and expansion of the oceanic crust, the northern margin of the
North China Block then evolved into a passive continental margin,
then changed into an active margin around 1400 Ma. Low-angle
subduction of the oceanic crust beneath the North China Block
resulted in compression in a back-arc setting and led to the uplift
and denudation of the Tieling Formation in the early stage. Pre-
sumably, the subsequent high-angle subduction of the oceanic
crust again trigged crustal extension in the back-arc region, as
recorded by the deposition of the Xiamaling formation and the
presence of diabase intrusions. The uplift of the Xiamaling For-
mation, also known as the Yuxian Uplift, should be related to the
collision of the North China Block and adjacent terranes, which
possibly corresponded to the assembly of the Rodinia Supercon-
tinent. The Neoproterozoic successions formed during the breakup
of Rodinia. A tectonic model is advanced to relate the formation of
the unconformities within the Mesoproterozoic successions to
regional tectonics.
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